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Abstract
Studies have suggested alcohol consumption is strongly related to reduced reporting of chronic widespread pain (CWP) and level of disability in people with CWP or fibromyalgia. Direction of causality has not been established, that is whether the association is due to people's health influencing their alcohol consumption or vice versa. UK Biobank recruited over 500,000 people aged 40-69 years registered at medical practices nationwide. Participants provided detailed information on health and lifestyle factors including pain and alcohol consumption. Total units consumed per week was calculated for current drinkers. Information was also collected on changes in alcohol consumption and reasons for such changes. Analysis was by logistic regression expressed as odds ratios (ORs) with 95%
confidence intervals (CIs), then adjusted for a large number of potential confounding factors (adjORs).
In males who reported drinking the same as 10 years previously, there was a U-shaped relationship between amount drunk and odds of reporting CWP (non-drinkers CWP prevalence 2.4%, 19. . This large study has shown a clearstrong relationship between alcohol consumption and likelihood of reporting of painCWP exists even in people reporting unchanged consumptionwho had not reported changing consumption due to health concerns, and after adjustment for a large number of potential confounding factors.
Introduction
Chronic widespread pain (CWP) or multi-site pain have been included as essential criteria in classification and diagnostic criteria for fibromyalgia, respectively [26, 27] . CWP is defined as pain that is present above and below the waist, on the left and right hand sides, and in the axial skeleton.
Epidemiological studies have identified a number of characteristics which might be considered risk factors for the development of CWP [9] . These include sleep problems, psychological distress, and certain beliefs about health and illness. Estimates for the prevalence of fibromyalgia range from around 1% to around 5% [10], while a recent meta-analysis estimated the pooled prevalence of CWP at 10.6% [18] .
Among the lifestyle factors that have been identified as having an association with CWP is the consumption of alcohol. One population-based UK study has shown pain reporting and pain-related disability is associated with the amount of alcohol usually consumed [15] . In this study of 13,574
people, those who said they had never druank alcohol regularly were 50% more likely to report CWP than those who said they drank 11-35 units/week. Among people with CWP, those that had never druank regularly were more than twice as likely to have pain that was disabling than those drinking 11-35 units/week. A further US clinic study of patients with fibromyalgia found reduced symptoms and better quality of life in those drinking low to moderate amounts of alcohol than those not drinking [11] .
That pain is less common among people who drink alcohol does not mean that the reason they are less likely to have pain is because they drink alcohol. A number of problems with making such causal inferences from observational studies of the relationship between alcohol and health outcomes have been noted, including, dependent misclassification of exposure and outcome [2] ; unmeasured confounding [12] ; the inappropriate selection of referent group [12] ; classification biases counting occasional drinkers in abstainer reference group [22] ; and, selection biases [12, 23] . For the alcoholpain relationship a major issue is whether the observed relationship is due to people reducing or stopping their alcohol consumption because of ill-health [7] .
Among criteria for causality that seem to be satisfied by observational evidence of the association between alcohol and pain are strength of relationship, and biological gradient, i.e. dose-response relationship [15] . It has however been noted that the positive effect of alcohol was not restricted to pain reporting but could also be shown with other health outcomes [6] and this lack of specificity would be evidence against a causal effect on pain. One criterion missing from currently reported observational studies is temporality, which would indicate whether drinking precedes relief from 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 chronic pain, or alternatively whether experiencing chronic pain leads people to reduce their alcohol consumption.
Using data from a very large "Biobank", which provides information on a comprehensive set of possible confounders and which allows us to identify people with long-term stable alcohol consumption, we wished to test whether we could confirm a previous observation of a ' reversed Jshaped' relationship between alcohol consumption and pain reporting , i.e. that the lowest and highest categories of alcohol consumption had higher levels of pain reporting than those in the 'moderate' category of alcohol consumption.
Methods
The UK Biobank is a large cohort study which recruited more than 500,000 people between the ages 
Pain
Participants were asked if they had any pain in the last month in regional body sites, or to indicate if they had pain all over the body. For each site indicated they were asked whether pain had last for 3 months or more. For the current analysis, if a participant answered they had pain all over the body that had lasted for 3 months or more, they were classed as someone with CWP.
Alcohol consumption
Participants were first asked '"About how often do you drink alcohol?'". If a current non-drinker they were then asked whether they previously drank and if so, to select their reason for stopping from a Health Precaution', and the remainder as 'Other reasons'. Those who said they were currently drinking were asked if they currently drank more, less or the same compared to 10 years ago. Those who said they had reduced their drinking were asked their reason for reducing consumption from the same list given to those who had stopped drinking. The same classification of categories for those reducing consumption were used as those giving up drinking. Current drinkers were asked how much they drank per week, or per month if drinking less frequently than weekly, of white wine, red wine, beer or alcohol by volume was taken to be 1.625 units of alcohol). One was added to the number of units consumed per week (so that non-drinkers would have a value of 1, to give a natural log of 0) and natural logarithms were taken (so that a dose-response relationship between CWP and alcohol could be plotted). Categories of these value were calculated in increments of 0.5. For the stratified analyses, categories were combined where total numbers in a category were low.
Adjusting variables
Factors were chosen which were known to be risk factors for pain and were likely to be associated with alcohol consumption. These were: age (years) [21] ; Body Mass Index (BMI) [25] ; education (having a university degree or not) [19] ; deprivation (Townsend Index [24] ) [17] ; social networks British/Black or Black British/Chinese/Other ethnic group) [16] ; and employment status [16] .
Adjustment was also made for assessment centre.
Statistical Analysis
As prevalence of CWP has consistently been shown to be more common in females, and because levels of exposure to alcohol differed between males and females, analyses were conducted separately by gender. The proportion of people reporting CWP was calculated in each category of drinking status (i.e. drinker/non-drinker and change compared to 10 years ago). Logistic regression was used to calculate ORs, and adjORs for CWP in each category compared to current drinkers with no change in consumption. As prevalence of CWP is low, odds ratios are a good approximation for risk ratios. The proportion of people reporting CWP was then calculated for each level of alcohol consumption (and logistic regression used to calculate ORs and 95% Confidence Intervals (CIs)). The reference category in males was log units plus one between (males 3 and -3.5 (, corresponding to 19.1-32.1 units/wk), and in females between 2 and -2.5 (, corresponding to 6.4-11.2 units/wk). These were chosen as they were the modal consumption categories. The analysis was then stratified by change in alcohol consumption since 10 years ago, and reasons for change in consumption. ORs were plotted on graphs at the midpoint of a consumption category to show the dose-response relationship [13] . A sensitivity analysis was carried out including those who had missing data on the adjusting variables. Among   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 drinkers, weekly consumption of red wine, white wine, beer or cider, and spirits was categorised and
ORs and adjORs of CWP were calculated and plotted.
Results

502
,656 people completed the UK Biobank recruitment questionnaire. After removing those with missing data (i.e. missing pain status n=4,610, missing adjusting variables n=44,473, drinking monthly but not asked alcohol consumption n=64,807, not providing alcohol consumption n=13,489) 375,277
participants were included in the analysis. The median age was 58 years (interquartile range (IQR) 50 to 63), 51.7% were female, and 1.2% reported having CWP. Of those included in the analysis, 83.3%
said they drink at least once a week, 7.4% drank less frequently, 4.3% were current non-drinkers but had previously drank, and 5.0% had never drank. Median weekly consumption among males and females drinking weekly was 20.4 units (IQR 11.8-34.2), and 10.7 units (IQR 6.5-17.7) respectively.
CWP and changes in drinking habits
Reporting of CWP was least in those currently drinking and reporting no change in drinking habits (males 0.5%, females 0.8%) ( Table 1 ) and greatest in those currently not drinking but reporting having been drinkers before (males 3.7%, females 4.9%). The excess remained after adjusting for potential confounding factors -adjOR 2.59 (95% CI 2.17-3.09) in males and 2.77 (95% CI 2.41-3.19) in females.
The dose-response relationship between alcohol and CWP in males
Among all males, the proportion reporting CWP ( Table 2 ) was greater in those not drinking (3.2%) compared to those in the reference category (0.7%) -adjOR 2.16 (95% CI 1.84-2.55). Proportions were at similar levels in all those drinking low to moderate amounts (Figure 1a) . There was an increase in CWP in those drinking more than 53.6 units per week compared to the reference category, but this was non-significant after adjustment (1.2% with CWP in those drinking over 53.6 units per week, adjOR 1.07 95% CI 0.88-1.29). A similar dose-response pattern -either U-shaped or reversed-J-shaped -was also seen in those drinking more, the same, or less due to illness or as a health precaution, as 10 years previously (Figures 1b-d) . Specifically in those drinking the same as 10 years ago odds of reporting CWP was significantly elevated in non-drinkers (adjOR 2.53, 95% CI 1.78-3.60) and in those with the highest consumption (adjOR 1.52, 95% CI 1.05-2.20).
The dose-response relationship between alcohol and CWP in females
Among females there was a decrease in proportion reporting CWP (Table 3 ) with increasing categories of consumption from non-drinkers (4.0%) through to the reference category of those drinking 6.4 to 11.2 units per week (0.9%) -adjOR 2.30 (95% CI 2.02-2.63). Proportions of those reporting CWP were also similar for increasing levels of consumption above the reference category (Figure 2a) . This same 7 pattern was seen in those drinking the same amount as 10 years previously (non-drinkers vs reference category adjOR 2.11, 95% CI 1.67-2.66) (Figure 2c ) and those who had changed their consumption (Figures 2b,2d,2e ). Sensitivity analysis looking at the dose-response relationship of CWP with alcohol consumption including those participants for whom full adjusting data was not available did not alter the results (Table 6 ).
The dose-response relationship between consumption of different alcohol types and CWP among drinkers
In both male and female drinkers the strongest associations were with red wine consumption. There were increased odds of reporting CWP (Tables 4 and 5 1.3% v. 0.6% adjOR 1.44 95% CI 1.12-1.85). There were increases in CWP with increasing amounts of beer/cider or spirits consumed but these were not significant after adjustment.
Discussion
This very large population-based study found that non-drinkers are more likely to report CWP than those drinking moderate amounts of alcohol. In males, the classic U-or J-shaped relationship was found with increased reporting of CWP in the very lowest and highest categories of consumption. In females there were reduced odds of reporting CWP across increasing categories of consumption.
Furthermore similar dose-response patterns were shown when looking at sub-groups of people based on changes in drinking habits, specifically those who had the same consumption as 10 years previously, which might suggest that the observed pattern is not due to people changing their drinking habits due to a change in pain/health status. Examination of specific sources of alcohol showed that the dose-response relationship was mainly observed for red wine.
There are a number of limitations of cross-sectional observational surveys with self-report measures.
Firstly, there may be some reporting bias and respondents may underestimate the amount of alcohol they drink, perhaps for reasons of social desirability. However, the reported levels of alcohol consumption were in the normal range. Before exclusions for missing data the proportion of males drinking over 21 units per week was 37%, and over 50 units was 9%. The proportions given for these categories in males between 45 and 64 in the General Lifestyle Survey (GLF) of 2010 [5] were 30% and 9%. In females in the UK Biobank, the proportion drinking over 14 units a week was 22% and the proportion over 35 units a week was 3%, in comparison to 20% and 4% in the GLF. The design of this study also relies on the accurate reporting of change in drinking status from 10 years previously, although interestingly the results observed in this group were similar to all subjects included. A selection bias may have also be an issue given that an important proportion of participants were 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 excluded for incomplete data. This is only a problem if the association is only found in those who provide full data, but similar results were found in the sensitivity analysis which included those with missing adjusting variables. In the statistical analysis a large number of adjusting variables were used.
These were used for adjustment as they are presumed confounders. However, it is possible that some of these third variables may actually be mediators of the observed effect in which case they should not have been used in adjustment and the observed relationship will have been underestimated [1] .
There are more general problems with drawing causal inferences from observational studies, and observationalindeed findings often fail to replicate in randomised controlled trials (RCTs) [14] . A trial of alcohol use for chronic pain however, would not be ethically or methodologically feasible. A study design which can be used when RCTs are impracticable is Mendelian randomisation [28] . For example,In a Mendelian randomisation was used in a study on the effect of alcohol on cardiovascular disease in which the the findings of observational studies were reversed [8] . Mendelian randomisation studies could be used to assess the relationship between alcohol and chronic pain using variants of genes for enzymes involved in the metabolism of alcohol, and this approach seems the most promising to understand if the relationship is causal or not.
The results of this study confirm and build on those of previous studies which have found that painreporting is higher in non-drinkers than in drinkers. As a much larger study with similar prevalance estimates as other cohorts [16] this allows for more precise estimates of effect. It also provides information on a much greater number of potential confounders. One purpose of the study was to look at criteria that might help to support or oppose the causal relationship between alcohol and reduced risk of pain, particularly the biological gradient. A linear monotonic dose-response relationship was found in females but not in males although it was not strong. The gradient in females was not greatly different in drinkers who had reduced their drinking because of illness and those who had not changed their drinking. This suggests the observed relationship is not explained by people reducing consumption due to pain. This is the first time the relationship has been examined by type of alcohol consumed and the relationship found when looking at total consumption was only clearly observed with red wine. This result goes against a general effect of alcohol and suggests that some unmeasured factors might confound the observed relationship between red wine drinking and pain.
In our sample, red wine drinkers were different to those drinking other types of alcohol. For example, in males drinking between 19.1 and 32.1 units per week, those who drank any red wine were more likely to have a university degree than those that did not drink red wine at all (44% vs 18%), less likely to be unemployed (1% vs 3%), and less likely to report smoking most days (5% vs 13%).
If there were a general effect of alcohol on chronic pain then mechanisms would have to be considered. It has been suggested that the acute effects of alcohol on pain are through its action on 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 gamma-Aminobutyric acid (GABA) neurons in the central nervous system. GABA is an inhibitory neurotransmitter that has a role in the mediation of pain and has also been found to have altered concentrations in the insular cortex of fibromyalgia patients. Other mechanisms have been proposed for the action of alcohol on pain that do not involve directly its effect on neurotransmission but instead its psychosocial effects which are known risk markers for chronic pain, including reduction of fearavoidance mechanisms, social integration, and stress-relief. If it was established that alcohol consumption was effective in preventing chronic pain, prospective studies would be required to determine whether mediators of the effect were neurobiological or psychosocial.
There is a strong, clear association between drinking alcohol and reduced likelihood of reporting pain.
There is however still no convincing evidence that drinking alcohol causes people to be less likely to have pain. This study provides evidence that the association is not explained by people in poor health reducing their alcohol consumption, and that the association is most clear for red wine consumption.
Similar relationships of low to moderate alcohol consumption are seen with a wide range of outcomes
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